Classes That Click: Fast, Rich Feedback to Enhance Student Learning and Satisfaction by Chen, John C. et al.
Classes That Click: Fast, Rich Feedback to
 
Enhance Student Learning and Satisfaction
 
JOHN C. CHEN 
California Po~ytechnic State Universi~y 
DEXTER C. WHITTINGHILL AND JENNIFER A. KADLOWEC 
Rowan University 
BACKGROUND
 
Our goal is to improve student learning in foundation engineering courses.
 
These courses are prerequisite to many higher-level courses and are comprised
 
of critically needed concepts and skills.
 
PURPOSE (HYPOTHESIS)
 
We hypothesize that learning is improved by providing rapid feedback to stu­

dents on their understanding of key concepts and skills. Such feedback also
 
provides students with insight into their strategies for learning.
 
DESIGN/METHOD
 
In two consecutive years, we conducted this study in t\'o'0 sections of a
 
lower-level engineering mechanics course, Statics. One author taught both
 
sections and a crossover design of experiment was used. In a crossover
 
design, one section was randomly chosen to receive feedback with handheld
 
computers (the "treatment" group) while the other received the "control,"
 
which was either a feedback sysrem using flashcards (in year 1) or no
 
feedback (year 2). After a certain period, rhe t\'o'0 sections swapped the
 
I. INTRODUCTION 
Core engineering courses, such as Statics, are comprised of key 
concepts and skills that students need to master in order to succeed 
in follow-on courses. Students must comprehend these concepts at 
sufficient depth (as opposed to rote memorization of procedure) 
and transfer this understanding to other courses and contexts. In 
this multi-year project, our hypothesis is that such learning is im­
proved in an active, peer-assisted environment in which the stu­
dents are provided frequent and rapid feedback of their state of 
learning. 
II. BACKGROUND AND MOTIVATION 
Providing feedback to students of their current level of under­
standing ofconcepts is critical for effective learning. It is also impor­
tant for the professor. This feedback is typically provided through 
graded homework sets, quizzes, and tests. All of these techniques, 
however, suffer the faults ofbeing too slow, too late, and too tedious 
to apply frequently. Freeman and McKenzie (2001) discuss several 
issues that inhibit better student learning in higher education. For 
students, there is a lack of individual feedback on learning, fewop­
portunities for dialogue to improve learning, and a feeling that the 
subject is impersonal. From the faculty members' perspective, the 
treatment and controL Student perfi.)rmance on a quiz at the end of each 
treatment period provided the data for comparison using an analysis of 
variance model with covariates. 
RESULTS 
Findings from year 1 showed that there was no signiEcant difference using 
either rapid-feedback method. In year 2 we found a signifIcant and positive 
effect when students received feedback. 
CONCLUSIONS 
This is a noteworthy Ending, albeit within the constraints of the environment 
in which we conducted the study, that provides more evidence for the value of 
rapid feedback and the currently popular "clickers" that many professors are 
employing to promote classroom interaction and student engagement. 
KEYWORDS 
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diffICulties lie in not knowing what students are actually learning; 
the inability to provide individualized feedback; address students' 
specific misconceptions; attend to diverse learning styles; and the 
struggle to engage students in learning. 
Bransford, Brown, and Cocking (1999) state: "Learners are 
most successful if they are mindful of themselves as learners and 
thinkers. In order for learners to gain insight into their learning and 
their understanding, frequent feedback is critical: students need to 
monitor their learning and actively evaluate their strategies and their 
current levels of understanding." Freeman and McKenzie (2001) 
support this idea, noting that "Feedback is fundamental to learn­
ing... Students may receive grades on tests and essays, but these are 
summative assessments ... What are needed are formative assess­
ments, which provide students with opportunities to revise and im­
prove the quality of their thinking and understanding. If the goal is 
to enhance understanding and applicability of knowledge, it is not 
sufficient to provide assessments that focus primarily on memory 
for facts and formulas." 
Previous research on feedback shows mixed results. In general, 
feedback is broadly defined as the provision of the correct answer, or 
whether an answer is right or wrong. Furthermore, there is no infer­
ence about the rapidity of the feedback, so it may be immediate or it 
may result from the return of graded assignments or exam.inations. 
Kluger and DeNisi (1996) note that feedback interventions have 
highly variable effects fi-om improving performance to hindering it. 
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In a meta-analysis including 23,663 observations, these authors 
conclude that, on average, feedback improved performance but that 
in over one-third of the cases, it decreased performance. The au­
thors theorize that feedback's effectiveness is decreased when it 
draws attention away from task learning and toward meta-task 
processes, such as resolving discrepancies between the feedback and 
self, attention to the self, and depletion of cognitive resources for 
task learning. 
In a more recent review of the research on the use of feedback in 
education, Sims-Knight and Upchurch (2001) make five claims 
about feedback based on previous studies. First, the authors claim 
that informational feedback is effective when there is a clear right or 
wrong answer, and when the subject is tested immediately following 
the feedback provision. Second, they claim that when tested for re­
tention and transfer, those who did not receive feedback fared better. 
Third, feedback can distract students from the learning task. Fourth, 
feedback is not a major variable in influencing student learning; 
other variables such as the classroom climate and the professor's 
organization and preparation have a much higher impact. Finally, 
the authors contend that teaching students to provide their own 
feedback is an effective alternative to professor-provided feedback. 
Our project provides students with immediate, elaborated feed­
back and opportunities to improve learning designed to inform and 
motivate the students. Our goal is to combine rapid feedback with 
conceptual learning and skiDs development and to evaluate our 
methods through rigorous experimental design and data analysis. 
III. PROJECT DESIGN AND IMPLEMENTATION 
A. Course Description and Project Implementation Outline 
At Rowan University, Statics is a required course for sopho­
mores in three of the four engineering disciplines (Civil and Envi­
ronmental, Electrical and Computer, and :Mechanical Engineer­
ing). The course content is similar to that of most engineering 
programs in the U.S., although the pace and length of the course is 
unusual. Rowan students take Statics in a compressed, half­
semester (7.5 weeks) format, with classes meeting for three 75­
minute periods each week. Students receive two semester-hour 
credits upon passing the course. The format dictates a faster-than­
usual pace of coverage of the material with little time spent in 
reviewing course material from previous lectures. Statics is delivered 
in the fmt h,uf of the fall semester, foDowed in the second half­
semester by Dynamics. In the first halfof the spring semester, Civil 
and Environmental and l\1echanical Engineering students continue 
in the engineering mechanics sequence by taking Solid l\1echanics 
(also known as Mechanics ofMaterials). 
In F,ill2003, we began this study with one of the authors aCC) 
teaching tvw sections of this course. We coDected some data to 
practice for what we might expect in the foDowing years and fo­
cused on the details of implementing this project. In effect, we 
treated this semester as a trial run. For example, we acquired all the 
personal digital assistants (PDAs) that were to be used for this 
study; set up, tested, and practiced with the sof1:\"Iare used to coDeet 
data and provide feedback; and developed most of the in-class exer­
cises. In Fall 2004 and 2005, we repeated what \\'",lS implemented in 
2003 except that data were taken for subsequent amuysis. \iVhat dif­
fered in the two latter years was the control group llsed to compare 
with the treatment group (the group that received rapid feedback 
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with the PDAs), as will be explained later. The same author aCC) 
always t<wght two sections of Statics for this study; a third section, 
not involved in this study, was available to the students. Having one 
instructor for the sections under study was done in order to mini­
mize any differences in teaching style or content between the two 
sections of a given year. Having a single professor also ensured that 
the two sections maintained the same pace through the course from 
day to day. 
The in-class portion of this study is conducted in a similar maimer 
to that described by Mazur (1997). The professor presents a new topic 
or concept for no more than 10--15 minutes, using traditional lecture, 
demonstration, or sample problem solution. Thereaner, he poses a 
concept question or a skill quiz to gauge the students' understanding. 
Concept questions deemphasize numerical calculations and instead 
focus more on conceptual understanding of a topic (such as drawing 
appropriate free-body diagrams). A skill quiz, on the other hand, is de­
signed to check that students are able to do computations and apply 
specitlc skills (e.g., breaking a vector into components or doing a vector 
cross product). \iVhen the student responses from feedback show that 
a high percentage of students do not understand the concept or have 
not mastered the skill, the professor elaborates on or further explains 
the topic, and <mother assessment exercise is presented to the students. 
\iVhen the responses show that a reasonable fraction of students un­
derstand (a distribution of answers, but at least about 30 percent with 
the correct answer), the professor directs the students to pair up with 
another student and ~'(plain the concept or skill to each other. (The 
students were not directed as to who should do the talking, but to 
merely have a two-way discussion about the problem posed.) There­
after, the students are asked to either respond again to the same ques­
tion, or to a different question on the same topic. The final scenario 
occurs when the student response shows a high percentage of correct 
answers, indicating that the students understand the topic. In this case, 
the professor confums the correct answer and simply continues to the 
next topic. 
Traditional assessment methods were used to determine a stu­
dent's course grade. In addition to assigned homework sets, which 
were completed by students in two-person teams, quizzes and tests 
were given. In the 7.5-week period of the course, nine homework 
sets were assigned, and eight quizzes and t\"Io examinations were 
given. Identical homework sets were assigned to the 1:\VO sections. 
\iVhen a homework set was submitted by the students, a brief quiz 
(15-20 min) based on a concept covered in the homework was 
given. Qyizzes were designed to be similar, but not identical, be­
1:\veen the two sections. The scores on the quizzes were analyzed, as 
described later, to assess for any treatment effect due to the feedback 
provided. Thus, these eight quizzes formed the whole of the quan­
titative data for this study. A different author OAK) graded the 
quizzes for both sections of the course to eliminate anyexperimen­
tal bias by the instructor. No effort was made to blind the grading 
author from the treatment/control group, but this information was 
not directly or actively communicated either. In addition to this 
quantitative data, surveys were administered to the students during 
and at the end ofthe semester, as described later. 
A crossover design ofexperiment (Mason, Gunst, and Hess, 1989) 
was used in this study. The method is intended to eliminate potential 
confounding factors that cannot be controlled for using a standard 
analysis ofvariance model. For example, students may not be random­
ly assigned to each of the t\"Io Statics sections, or the time at wh.ich 
each section is held may affect student performance. Without the 
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crossover, what appears to be an effect due to the treaunent may in £1Ct 
have been due to the section in which the student is enrolled. 
In our crossover design, one of two study groups (course sections 
in this case) was randomly chosen to receive instruction with the 
PDA-enabled feedback system while the other group acted as 
the control for a fIxed period of time (or "treatment period"). For 
the next treatment period, the tvvo sections were again randomly 
chosen for the roles oftreatment and control, and this continued for 
the duration of the course. In this manner, each student acted as his 
or her own control to eliminate the non-correctible confounders. 
This design had the additional advantages of eliminating any bias 
that may be introduced by the professor in course delivery in the 
two sections, and eliminating any attitude bias that might result if 
students of either section received only the treatment or control for 
the entire course if swapping did not occur. The treatment periods 
generally lasted from two to flYe class meetings, as was determined 
logically based on the skills or topic being covered during the peri­
od. The treatment periods corresponded exactly with a homework 
set: when students submitted a homework set, the treatment period 
ended and a quiz was administered to measure students' under­
standing ofthe material. 
In Fall 2004 the control group used a flashcard system, similar to 
that described by Mehta (1995), to provide rapid feedback. In Fall 
2005 the control group used no feedback as a comparison with the 
treatment group. Although the students in this latter group could 
not respond to the concept question or skill quiz using a rapid feed­
back method, the problem was still presented to the control group 
and the instructor used traditional active-learning methods in these 
sessions (Felder, 1995; Felder and Brent, 2001; Smith et al., 2005). 
The students were instructed to work collaboratively on each prob­
lem and were encouraged to provide answers, which were recorded 
on the whiteboard for the class. We emphasize that regardless of 
the feedback method or its absence, the instructor otherwise used 
identical teaching methods in both sections of the course, which 
included various active-learning techniques. In all cases, the stu­
dents were provided with the correct solutions to the in-class prob­
lems and exercises. Table 1 shows the feedback method used for 
one section in each year ofthe study. 
B. Rapid FeedbackMethods 
Mehta (1995) developed the flashcard method for providing 
feedback to students. In short, students used double-sided and 
color-coded cards to display their answer to a multiple-choice ques­
tion posed by the professor. Each card could display one of six pos­
sible responses. The cards provided a quick means for the professor 
to scan the class's response and qualitatively determine the distribu­
tion of answers. The students were also able to see the class's re­
sponse by a quick visual scan. Because of this, the professor asked 
the students to respond simultaneously to the posed question so 
r-­
thar srudenrs who were..uncertain .0
with the majority response.
A fleet ofPDAs was usedf9~j sl}  Y.l).A! 1b,J<,;O teeO. :lck 
method. In 2004, half of the PDAswere 
half were Pocket PC-based. In 2005, alLof/the PDAswere up­
graded to Pocket PC-based models .. Allofthe PDAs had,wire­
less nenvorking capabilities (802.lIb orxWi"'Fi) and communi­
cated with the professor's laptop computer using a.peer-to-peer 
nenvorking mode. The PDAs were available to the swclenrsQnly 
during the classes in which they were used.lhe software Jhatwas 
used to manage the inter-computer cornrnunicationsapdito 
record and display student responses fromthePDAs;was a pre­
beta version of OptionFinder VP, which was being developed by 
Option Technologies Interactive in 2004 but is nowno longer 
available. 
We developed this custom feedback system using wireless hand­
held PDAs since the now-popular "clickers," also known by their 
various commercial trade names, were only available with infrared 
receivers at the time we st,uted this project. This restriction was a 
barrier for our project for v,u'ious reasons, and we were also able to 
get the needed software to use with the PDAs for free. Since the 
operation of our PDA-enabled feedback system was nearly identi­
cal to that ofthe clickers, we believe that our results could be dupli­
cated in a clicker-enabled class. 
Regardless of the feedback method used each time, the concept 
question or skill quiz was posed by the professor through his com­
puter and was projected to the front ofthe classroom along with the 
possible solutions. The correct solution was embedded among in­
correct answers, also known as "distracters," which were derived 
from common student mistakes or misconceptions. Students were 
given time to reflect on the question posed and then asked to select 
from the possible solutions. The major differences between the two 
feedback methods were that the PDNsoftware-based method 
allowed for (1) quantitative and permanent recording ofthe student 
responses for future review and (2) a display of the tallied student 
responses that was projected up on the screen nearly instantaneously 
after the students responded. As mentioned previously, in Fall 
2005, when the control group received no rapid feedback through 
PDAs or flashcards, the concept question or skill quiz was still pre­
sented to the students, and the professor used common collabora­
tive-learning techniques to encourage students to solve the problem 
and to share the solution with the class. 
C. DataAnalysis 
The goal ofdata analysis was to see ifthe method ofimplement­
ing the rapid-feedback-using PDAs or flashcards or nothing-had 
an effect on the students' learning. The response variable tested was 
the score on a quiz for the corresponding period of instruction 
where one section had the treatment and the other the control. This 
Treatment PeJ'iod/Quiz Number 
2 3 4 5 6 7 8 
Fall 2004 na F F P P P F P 
Fall 2005 NF NF P P P NF P NF 
NOTE: 'nlblc lisl~ feedback melhod for one of two study sections: lhe 'icconcl section used th\.~ opposing feedback Illethod for Ihat year- "F' Feedback with 
f1ashcnrd; "P" - Feedback I,vlth PD1\: ··NF" - No feedback: "na" - not applicable and no! included III c1~l1a sel 
Table 1. Feedback methodusedfor one section in eachyearofstudy. 
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-
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was done while controlling for factors (or variables) other than the 
treatment factor which might affect the scores. 
To analyze the treatment factor while controlling for the other 
nuisance factors that could affect scores but are not attributable to 
the treatment, we employed the following analysis of variance 
model with covariates using the Data Desk statistical software 
(Data Description, Inc., 2009): 
where 
y = the score on the quiz, 
fJ.. the grand mean (average score with no factors taken in to 
account), 
f3 = the absolute mean change in quiz score (y) for each one-
unit increase in the covariate 
Xl the student's Calculus I grade, 
X2 the student's Calculus II grade, 
X3 the student's Physics I grade, 
ex the Section in which the student is enrolled, 
"y the Student, 
8 the Period (treatment period, or quiz), 
T the Treatment (PDA "treatment" and flashcard/no 
feedback "control"), 
E; normally distributed random error. 
For the subscripts, i = 1,2, for sections;} = 1,2, ... nil for students 
within a section; k 1,2, ' .. 8 for the period; and I 1,2, for the 
treatment or control. 
Note that the model given in Equation (1) is the model we used 
to analyze data in Fall 2005. In 2004 the model also included a co­
variate for the student's cumulative GPA (Chen, Kadlowec, and 
Whittinghill, 2005, 2008). We found that this covariate was never 
signifIcant and therefore excluded it from the model above. In addi­
tion, other covariates in the model, namely the students' grades in 
Calculus and Physics, are included in this covariate, making it re­
dundant. 
The students' Calculus I, Calculus II, and Physics I grades were 
treated as continuous covariates in the analysis. The Section factor 
was discrete, ;U1d the Student factor was discrete. The Period (treat­
ment period, or quiz) factor was discrete and included because some 
quiz topics may be intrinsically more diffIcult than others. The 
Treatment factor was discrete as well. Although the quiz scores in 
both years were skewed towards zero (i.e., they were bunched to­
ward the higher scores), the residuals were nearly normal, so no 
transformation of the data was needed (Mason, Gunst, and Hess, 
1989). 
IV: RESULTS 
We have previously described in detail the results from Fall 
2004 (Chen, Kadlowec, and VVhittinghill, 2005, 2008), so only a 
summary is provided here. During that semester (N 35), we 
conducted a crossover experiment in which the two sections of 
students were provided rapid feedback and their performances on 
a series of quizzes were compared. The two rapid feedback meth­
ods used were the PDAs and the flashcards. The most important 
fInding was that there was no statistically signifIcant difIerence in 
student performance between these two groups. In other words, it 
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did not matter how one provided rapidfeedback, as student perfor­
mance was not dependent on this. Although we had thought that 
the "coolness" of the PDAs might affect a student's learning, it re­
ally would only affect their interest during the physical activity in 
class of reporting their answers. After all, both methods of feed­
back provided an active-learning activity and both introduced an 
element of competition in to the class lecture, albeit a very low­
stakes one. 
Student survey results from 2004 indicated that students over­
whelmingly felt that having rapid feedback of their state oflearning 
was helpful to them, regardless of the means of providing feedback. 
SpecifIcally, a great majority of students felt that either method of 
feedback was at least "somewhat helpfiJl" to their learning (>59 
percent in the mid-course survey; 100 percent in the end-of-course 
survey). Interestingly, the students had a statistically signifIcant 
stronger preference for the PDAs over the flashcards (93 percent 
versus 80 percent, respectively). Hence, although the use of PDAs 
versus flashcards did not affect the actual learning (as measured by 
the analyses of the quiz scores), the use of PDAs was perceived by 
students to be more helpful to their learning than the flashcards. 
Finally, 65 percent of the students believed that they would have 
performed worse in a course in which rapid feedback was not pro­
vided, while the remainder believed they would have performed at 
the same level. The latter is in contrast to the earlier result in the 
same survey whereby 100 percent of the students felt that having 
feedback was at least "somewhat helpful" to their learning, and it 
may simply reflect the students' self-confIdence that they can per­
form at the same level regardless of the teaching method. 
The rapid feedback also had impacts on the author aCC) as in­
structor. Regardless of the feedback method, he had to be more or­
ganized for each class and to plan ahead in preparing skill and con­
cept questions and placing them appropriately in the lecture period. 
He also found that posing the feedback question was useful to get 
students to refocus or review, even if a question was created on the 
spot during class. He observed that the students took the feedback 
questions in class quite seriously and tried hard to answer them cor­
rectly even though no grade was involved. This was an additional 
benefIt because the students were forced to think about and apply 
the concepts now rather than later (or perhaps much later) when 
they sat down to do homework. Finally, the results of the rapid 
feedback questions allowed the instructor to note what concepts or 
skills were difficult for students and thus improve future instruction. 
Table 2 presents results ofour data analyses for the Fall 2005 co­
hort of Statics students (N 44). Recall that this coholt was sub­
jected to a crossover comparison between having rapid feedback 
with the PDAs versus having no feedback. This comparison would 
allow us to determine the effect of having feedback or not on stu­
dent learning as a complement to the Fall 2004 comparative study. 
Each row within the table represents a different statistical model 
used to analyze the data. The most noteworthy fInding is that for all 
models examined the treatment ofhaving rapidfeedback was statisti­
cally significant with a positive iffect. That is, student scores on the 
quizzes were higher when they were provided with rapid feedback, 
with effects ofbetween 0.5 and 1.6 points, which corresponded to 5 
percentto 16 percent increases in score (the exact effect size for each 
model is reported in the footnote to Table 2). 
Some general observations can be made for all models that we ex­
amined in Fall 2005 . First, none of the covariates included were sig­
nifIcant (students' grade in Calculus I, Calculus II, and Physics 1). 
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This is in contrast to our fmdings from Fall 2004 when we found 
that the quiz scores were dependent on the students' performance in 
Calculus II and Physics I (Chen, Kadlowec, and \iVhittinghill, 
2008). We hypothesized then that the students' grade in Calculus II 
was a reflection oftheir general abilities in mathematics, rather than 
specific concepts learned in that course, and that Physics I was sig­
nificant because most of the concepts in Statics are derived directly 
from application of physics concepts. The fact that in Fall 2005 we 
found no significance in the covariate Calculus II may just be that 
the influence of that course on Statics is marginal (at Rowan, vector 
calculus is in Calculus III, which is taken concurrently with Statics). 
The fact that Physics I was not significant was puzzling but not wor­
risome since the more important tlnding--that the treatment was 
signifICant-was not dependent on this. Covariates were included in 
the analysis to account for variability in the quiz scores due to the 
possible effects of those courses. If they were not included in the 
model, their variability might have masked the effect of the factor 
under investigation. 
The second general fmding tor Fall 2005 is that the Section in 
which the student belonged was not significant. This simply states 
that the two groups of students performed equivalently despite the 
fact that their classes were on different days and times. Third, the 
Student factor was always significant (at CI. 0.05), which is not 
surprising since each student is expected to perform differently and 
somewhat consistently. Finally, we found that the treatment Period 
was highly significant (at CI. = 0.001), which implies that the 
quizzes were inherently different in their degree ofdifficulty. Again, 
this is not surprising in that some topics in Statics are easier than 
others, and this finding simply reflects that fact. 
The first row of results in Table 2 shows the basic model, which 
does not examine any interactions between the factors. (The re­
maining four rows show the results ofthe analysis ifwe add selected 
interactions. Because of the crossover, these are the only four possi­
ble combinations of interactions.) The treatment effect was signifi­
cant at p = 0.0318. Subsequent models examined the two-way in­
teractions between Section by Period, Student by Treatment, 
Period by Treatment, and fmally the two two-way interactions of 
Section by Period and Student by Treatment together. In none of 
these models were any two-way interactions significant at CI. 0.05. 
The important result from these five models is that the Treatment 
effect was at least as significant in the models including an interac­
tion term as in tllemodelwithout themi(Equation n This gives us 
even more confidence in tlle statistical significance of our finding 
that the rapid feedback positively influenced the students' perfor­
mance on the quizzes. 
We administered three different surveys to the Fall 2005 cohort: 
one at the start ofthe course, one at the end ofthe course, and a sin­
gle-question sUlvey that was repeatedly embedded within each quiz 
that the students took. (This battery of surveys differed from that 
used for the 2004 cohort, in which only three surveys were adminis­
tered in 2004: one each at the start, middle, and end of the course 
(Chen, Kadlowec, and Whittinghill, 2005, 2008).) The purpose of 
the survey at the start ofthe course was to discern anydifference be­
tween the two sections with regard to their prior experience with 
rapid feedback as a teaching tool and their familiarity with the use of 
a PDA, on the assumption that any difference, if it existed, might 
explain one group's acceptance or rejection of the use of the PDAs. 
We asked the students whether they had ever had a class in which 
they were provided rapid feedback on a regular basis, whether or not 
they have previously used a PDA, and their level of expertise with 
the use ofa PDA. Our statistical tests for homogeneity did not find 
any difference between the two sections, which support the notion 
that the two sections are in general equally novice with a PDA and 
with rapid feedback as a teaching technique. 
A single sUlvey question was embedded within each quiz ad­
ministered at the end ofeach treatment period. The question asked, 
"Considering the period since the previous quiz, how useful have 
the classes been in helping you learn the course material?" The ob­
jective was to determine if the students felt that, from quiz to quiz, 
the classes were usehll (with or without rapid feedback, as was the 
case). \iVhen we compared the two sections with each other and 
separately for each quiz, we saw no difference in the students' per­
ception ofusefulness. In general, they found the classes to be at least 
"somewhat useful" in nearly all cases. \iVhen we combined the two 
sections' responses to compare their responses from quiz to quiz, a 
chi-square test of independence found that the responses were sig­
nificantly dependent on the quiz, meaning the topic during the 
treatment period (p 0.0076). That is, the students found that the 
usefulness ofclass was topic dependent, regardless ofwhether or not 
rapid feedback was employed to teach them the topic. One inter­
pretation of this fmding is that the use of rapid feedback as a teach­
ing technique had no perceptible effect on the students during 
Response Covariates 
 
Factors 
 
Interactions (if any) 
Treatment' 
Score L 2, 3 Section Student-in-Section Period'" (p  0.0318) 
Treatment" 
Score 1,2,3 Section Sludcnt-in-Scction Period'" (p 0.00621 
Treatment' 
Score 1,2,3 Section Stllc!cnt-in-Section Period'" Siudentrrreatment(p=0.01441 
Treatment 
Score 1,2,3 Section Stlldent-in-Section Period'" Period[freatment
(I' 0.0204)� 
Treatment Section/Period &�
Score 1.2,3 Section Student-in-Section Period'" 
(I' 0.0033 ) Sludentrrreatmcni 
NOTE: For each model the factors marked wirh .. ,.. were sigrlificant at a 0.05 (5 percellt), with ~ll tX  Cl.Ol (1 percent), and 
With .,'.>" at r:t. 0.00 I (0.1 percent). Uflcterlincd tactors were significant at ri. 0.10 to] I () percent). NUt(, that covan.HC 1 Calclllu~ 
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classes, which was still mainly driven by the topic or its perceived 
importance or interest. 
The objective of the final survey was to assess the students' gen­
eral perception of the use of rapid feedback in their overall learning 
experience during the semester. The results show that students were 
positively receptive to the provision of rapid feedback in class and 
felt that it improved their learning in the course, as we had found in 
2004 (Chen, Kadlowec, and Whittinghill, 2005, 2008). When 
asked how they rated the classes with rapid feedback, 40.5 percent 
answered that they were "very helpful" and another 54.8 percent an­
swered that they were "somewhat helpllll." When asked how they 
rated the classes without rapid feedback, 38.1 percent rated them as 
"very helpful" and 40.5 percent rated them as "somewhat helpful." 
Finally, a high percentage of the students (42.9 percent) believed 
that they would have done worse in a course taught by the same in­
structor without having rapid feedback, while 52.4 percent felt they 
would have performed at the same level. The remaining 4.7 percent 
believed they would have done better if rapid feedback was not used 
in instruction. 
v: DISCUSSION 
The results beg the question "how much did the students learn 
in comparison with other instructors and instructional modes?" If 
the students learned very little of the course content, it matters little 
if rapid feedback improved on that. Furthermore, if the learning 
was minimal without rapid feedback, then it is likely that any inter­
vention will result in learning gains. We can offer indirect evidence 
that the students in this study learned at least as much as students 
learned in a variety ofclassroom and institutional settings, and using 
a variety of teaching styles and techniques. The evidence for this 
comes from the students' performance on a well established Statics 
concept inventory developed at the Carnegie Mellon University 
(Steif and Dantzler, 2005). The Statics concept inventory, called 
the Concept Assessment Tool for Statics (CATS), is available on­
line (Steif, 2009) and has undergone detailed psychometric analyses 
for validity and reliability. In addition, it has been examined in com­
parisons with classroom performance (Steif and Hansen, 2006). 
During the three-year span of this study, Rowan students took the 
CATS along with at least seven other institutions that spanned the 
variety of institutions in the U.S. (school size, public vs. private, 
graduate vs. undergraduate focus, etc.) and as a group performed 
somewhat better than the mean of all participating schools. (Note 
that the number ofparticipants from each school v,uied greatly, but 
the Rowan cohort bettered the mean of the cohorts in each year.) 
This gives us confidence in stating that the Rowan cohort had at 
least as good of a conceptual understanding of Statics as other stu­
dents taking the course elsewhere. 
While we are confident that the gains demonstrated by students 
on quiz performance were due to the use of rapid feedback, it is 
necessary now to refine our use of that term. In the literature on 
learning sciences, feedback sometimes connotes simply the provi­
sion of the correct answer or whether the answer is right or wrong. 
Such "informational feedback" may go further by including an 
elaboration on the errors or the correct response (Sims-Knight and 
Upchurch, 2001). In addition, this feedback may not necessarily be 
transmitted rapidly; indeed, in most instances this feedback is pro­
vided through graded assignments or examinations. Clearly, our 
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use of the term "rapid feedback" does not fit this broad description. 
Not only did we always use elaborated informational feedback and 
provide that feedback immediately to the students, but the rapid­
feedback activities included one-on-one student discourse and 
were followed by further practice when necessary. Thus, we not 
only provided feedback in the traditional sense, but also used that 
information to motivate students to improve their understanding 
of the problem at hand through repeated quizzing. This, we be­
lieve, is responsible for the positive gains we observed in student 
performance, especially in light of the research fmdings described 
earlier on feedback provided in the traditional meaning of the 
word. 
Peer discourse was an integral part of the rapid feedback method 
and our study design, and may be at least partly responsible for the 
positive findings. A very recent study (Smith et al., 2009) highlight­
ed the importance of peer discussion on gains in understanding in 
an undergraduate genetics course. The study had a similar imple­
mentation to ours, including the use ofclickers and peer discussion, 
but it focused on conceptual questioning only and was based in a 
large class (N 350). The authors used pairs ofconceptually simil,u 
questions that required application of the same principles or con­
cepts. The students were flfSt asked to answer one of the two ques­
tions individually (call this Q].). They were then invited to discuss 
the question with their peers (average group size of three) and asked 
to answer the same question again. Finally, students were asked to 
answer the second of the paired set of questions (02), again indi­
vidually without peer input. The authors showed that, expectedly, 
the percentage of students who answered Q]. correctly after discus­
sion was significantly higher. Furthermore, the percentage of stu­
dents who answered 02 correctly was also significantly higher, 
showing that they made gains in understanding from the peer dis­
cussion. The most significant finding from this study was that in 
peer-discussion groups in which no student knew the correct an­
swer to Q]., some students still benefitted from the discussion and 
were able to answer 02 correctly. The authors hypothesized that 
the participants in such groups (as well as students in groups in 
which the correct answer was known) were "arriving at conceptual 
understanding on their own, through the process of group discus­
sion and debate." These fmdings, along with results from prior 
studies in science education (Crouch and Mazur, 2001; Mazur, 
1997; Knight ,md Wood, 2005) showed that peer discussions al­
most always improved students' ability to solve conceptual prob­
lems, are consistent with our fmdings. Our results also demonstrat­
ed that students improved on their ability to solve applications 
problems as well as conceptual problems. Note that while peer dis­
cussion was required in the groups that received rapid feedback in 
our study (both the treatment and control groups in 2004 and the 
treatment group in 2005), it was not required in the no-feedback 
control group in 2005. Students in this control group were not pro­
hibited or discouraged from discussing anything; the decision was 
at each group's discretion. Any peer or group discussions came 
about as a result of the other active-learning methods used, and our 
observation was that most students did not choose to have discus­
sions at the level or intensity ofthe rapid-feedback groups. 
Another possible explanation for the positive findings of this 
study may come from what is theorized about the psychology of 
learning. Atkinson and Shiffrin (1968,1971) proposed a model of 
memory and learning that consisted of "sensory registers" that take 
in information from the environment through the various sensory 
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processes. The information then enters into the "short-term store" 
(STS), where it becomes under the control of the person. An infor­
mation in the STS, which is limited in the total number ofpieces of 
information that can be held, remains there so long as "control 
processes" are exercised on them to keep them there. Such processes 
include "rehearsal" (overt or covert repetition of information, such 
as repeating a phone number), "coding" (recasting of information 
by putting it into a context or mnemonic phrase), "imaging" (visual­
izing verbal information as images), along with others. Once infor­
mation is lost from STS it cannot be recovered. For it to remain in 
memory, it must be moved from STS to "long-term store" (LTS), 
which is relatively permanent memory, though it may not always be 
retrievable or easily retrieved. Information entering the STS comes 
from a specific modality (visual, auditory, etc.), but associated infor­
mation from the LTS is activated in all modalities to join it in the 
STS. 
Rehearsal is one of the most important of the control processes. 
It either increases the momentary strength of information in the 
STS or otherwise delays its loss. It has also been shown through ex­
periments to facilitate information transfer to the LTS. Further­
more, rehearsal techniques vary in their quality or efficiency in 
maintaining information in STS or moving them to LTS. We sug­
gest that perhaps our method of providing rapid feedback to stu­
dents is efficient rehearsal, and it not only keeps the information in 
STS but also facilitates its moving into LTS, where it helps the stu­
dent in his learning when he is required to recall the material later in 
completing homework assignments or quizzes. 
In their summary of the body of knowledge on memory phe­
nomena applicable to learning, deWinstanley and Bjork (2002) 
present a similar interpretation on the empirical fmdings about ef­
fective learning. They claim that learning is an interpretive process 
whereby new information is stored by making associations and rela­
tionships to existing knowledge. Thus, what is important if stu­
dents are to learn new material is that they be provided with oppor­
tunities to engage in processes that facilitate the encoding of the 
information for future retrieval. They further contend that the com­
ponents of such processing are attention, interpretation, elabora­
tion, generation, and retrieval practice. Focused attention to the 
learning task and the material is obviously important to learning. 
Learning also requires accurate interpretation and thorough elabo­
ration of the new and unfamiliar information. Generation refers to 
the producing ofnew information from cues or partial information, 
which has been shown to be a powerful method oflearning. Finally, 
retrieval practice is the intentional act ofretrieving newly learned in­
formation from memory for the benefit ofenhancing the likelihood 
of its future retrieval. It also serves as a tool to make the learner 
aware when he or she does not yet have the capability to retrieve this 
information. Again, it is possible our method ofusing rapid, elabo­
rated feedback with student discourse is consistent with this inter­
pretation ofeffective learning. 
Atkinson and Shiffrin (1968, 1971) and deWinstanley and 
Bjork (2002) emphasize the importance of encoding or rehearsing 
for the learning of new material. This is in line with the traditional 
view oflearning as being an act ofstudying (encoding or rehearsing) 
in order to learn new material, and testing (retrieval) as being a 
learning-neutral act that serves only to assess one's learned knowl­
edge but does little to enhance the learning or knowledge retention 
process. Recent research (Karpicke and Roediger, 2008) has 
changed this view. In a study of college students' learning ofpaired 
Swahili-English vocabulary words, Karpicke an(j01<~qedl~;er 
that retrieval oflearned information is critic:ill)1irt1portantfc)rilQ-ng­
term retention of that information, and is much 
repeated encoding (what the authors called "studying") of that in­
formation. Students in this research were asked to learn 40 vocabu­
Luywords through repeated study-test conditions. Inane condition 
(C1), upon the successful learning ofa newword (ability to correctly 
define it), that word pair was dropped from future study but was re­
tained on all future tests. In a second condition (C2) all word pairs 
were repeatedly studied but only pairs that were mot yet leaJ:"ned 
were included on future tests. The third condition (03) dropped all 
learned word pairs from both future study and tests.'Mter eight 
such study-test periods, nearly all 40 words were learned bythe sub­
jects at essentially the same rate. The subjects were then tested one 
week later for their knowledge retention. The results showed that 
students in the C1 condition retained 80 percent of the vocabulary 
words compared to C2 and C3, which both showed retention of 
about 35 percent (this was a four standard-deviations increase ofre­
trieval over non-retrieval conditions). This demonstrates that re­
peated studying has little benefit (comparing C2 to C3) and high­
lights the critical importance of retrieval practice for knowledge 
retention over additional encoding (comparing C1 to C2). While 
the cited study was on language learning and its applicability to our 
case is unlmown, it does offer an intriguing possible explanation for 
the results that we observed. 
Our results suggest that the role of using clickers or clicker-like 
devices to be at least partly responsible for the findings, especially 
given the recent rise in popularity and claims ofeffectiveness for this 
classroom communication tool. Typical clicker use in higher educa­
tion almost always includes some type of rapid feedback, though it 
may not always be elaborated. Thus, findings from prior research on 
clickers are relevant to our study, though the two effects of clicker 
use and rapid feedback (including the elaboration ofstudents' gains 
through peer discussions) cannot be separately assessed, as with our 
case. The literature concerning clickers in the classroom is vast (see 
for example the compilation at Vanderbilt University's Center for 
Teaching (2009)), but reviews of this literature generally agree that 
most studies are anecdotal in nature and not systematic enough to 
draw clear conclusions or to determine the magnitude of the effect 
(Caldwell, 2007; Roschelle, Penuel, and Abrahamson, 2004; Fies 
and Marshall, 2006). This discussion, therefore, will focus on the 
few reviews of the clicker literature (Caldwell, 2007; Roschelle 
Penuel, and Abrahamson, 2004; Fies and Marshall, 2006) and on 
those quantitative studies based in engineering education. 
Caldwell (2007) reported that the vast literature across a variety 
of disciplines generally finds that clicker use improved student out­
comes including higher exam scores, improved passing rates, and 
student comprehension, and that students viewed clickers highly fa­
vorably, though their ratings were less consistent when asked if the 
clickers helped them learn. The literature also showed general 
agreement that clickers "tend to change the atmosphere oflectures," 
by encouraging students to be actively involved and becoming 
"emotionally" or "psychologically" invested in the answer tl1ey com­
mit to in response to a question. Caldwell noted also that instructors 
who use clickers rate them favorably because students are more "ac­
tive and attentive," and are thus "more pleasant to teach." 
Roschelle, Penuel, and Abrahamson (2004) surveyed a wide 
range of clicker implementations from K-12 to higher education 
and found consistent results. The university settings included 
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classrooms and lecture halls and covered mathematics, physics, 
chemistry, biology, premedical education, business, and computer 
science. K-12 results were gathered from middle- and high-school 
mathematics, physics, and chemistry, as well as reading from all 
grade levels. Among the most commonly reported outcomes from 
these studies were increases in student engagement, understanding 
of subject matter, and enjoyment of class. Again, the authors 
warned of a lack of scientific rigor among the great majority of the 
studies, but suggested that the collective and consistent findings 
represent a real phenomenon associated with clicker use. 
Fies and Marshall (2006) described similar findings of the bene­
fits ofclicker use, but also cited improved awareness of the students' 
understanding by both instructors and students, which presumably 
led to more responsive instruction. The authors also described less 
frequently cited findings, such as the students' preference for small­
group discussions after a clicker question as opposed to whole-class 
discussion. Also noted was the benefit of anonymity that clickers 
provided, which allowed more students to participate without the 
fear ofpublic humiliation or domination by a few vocal classmates. 
Boyle and Nicol (2003) and Nicol and Boyle (2003) imple­
mented both clickers and peer discussion in a large engineering 
mechanics course and administered questionnaires, surveys, and 
focus groups (no comparison of measurable outcomes was includ­
ed) to study the impacts on student learning. In general, the study 
found that students felt overwhelmingly positive toward using the 
clickers in a large class (117 students). They self-reported being 
more motivated and engaged, and feeling that they learned more in 
comparison with a lecture-only class. Our results from student sur­
veys, £i'om a similar course but in small classes, generally agree with 
these f1l1dings. 
Paschal (2002) conducted a study in a physiology for biomedical 
engineers course and found no statistically significant difference in 
students' test scores when comparing clicker-enabled classes in one 
year with traditional lectures from a prior year. The study period 
covered only the first one-third of a semester-long course and the 
instructional method thereafter reverted back to traditional lecture for 
the test group. Another important difference between the two study 
groups was the elimination ofhomework assignments in the clicker 
class and their replacement with in-class quizzes based on the read­
ing assignments. Survey results indicated that students in the test 
group strongly preferred the clicker-enabled classes as "optimal for 
[their] learning and [their] time management." A significant and 
likely confounding £1ctor for these results, as the author noted, were 
the September 11 terrorist attacks that occurred during the study 
period of the clicker-enabled classes. Also confounding the results 
were the changes in homework policy and quizzing between the 
two study groups. 
Roselli and Brophy (2006) studied the effectiveness ofclickers in 
concert with several other educational innovations and compared 
the outcomes to traditional teaching of a biomechanics course. The 
authors found that, not surprisingly, the clicker classes included 
many more instances of formative assessment of student under­
standing and thus offered more opportunities for the instructor to 
adjust to the students' needs. Exit survey results showed that stu­
dents liked the anonymity of the clickers, felt it was a good use of 
class time, and thought it helped them focus in class. 
In hindsight our findings are perhaps not surprising, but rather 
expected. Mter aU, our in-class activities when using rapid feedback 
are simply a collection of well-documented active-learning tech­
niques (Mazur, 1997; Mehta ,1995; Lochhead and Whimbey, 
1987; Barkley, Cross, and Major, 2004) that were implemented 
through a relatively new technology. Active learning, in its various 
forms, has been conclusively shown to improve student learning 
(Prince, 2004; Hake, 1998). Furthermore, using the clickers as we 
did directly addresses six of the "Seven Principles for Good Practice 
in Undergraduate Education," as described by Chickering and 
Gamson (1987, 1996). Perhaps the one surprising result is that the 
use of rapid feedback via the PDAs and peer discussion was an im­
provement over other active-learning techniques without the 
prompt feedback (in the 2005 control group). This improvement 
manifested in higher quiz scores, albeit with small effect sizes. The 
question of whether this finding is specific to this study or is more 
generalizable to other classroom environments is unanswerable at 
this point. 
VI. CONCLUSIONS 
Our most noteworthy fIndings are that PDA-enabled rapid 
feedback has a signifICant and positive effect on student perfor­
mance when compared to no rapid feedback and, from 2004, that 
the rapid feedback provided through the use offlashcards appears to 
be just as useful. If we were to summarize our research findings 
from the two years, it would be that "it does not matter how one 
provides rapid feedback to students, as long as it is provided." We 
would also emphasize that the rapid feedback should be elaborated 
and accompanied by peer discussion, and used to motivate students 
through repeated quizzing to examine their current state of under­
standing, especially at the conceptualleve1. Finally, it is clear from 
our survey data that student satisfaction in classes in which rapid 
feedback was provided was extremely high, which hlrther increases 
the appeal ofthis mode ofinstruction. 
Our findings confirm the value of providing frequent and rapid 
feedback to students. We theorize that this provides the students 
with knowledge of their state oflearning, allows them to make ad­
justments in their strategies for learning, and encourages immediate 
reflection on and practice in the concept or skill at hand. Although 
we did not utilize the currently popular feedback devices known 
collectively as classroom response systems or clickers that are offered 
by several commercial vendors, our method ofusing handheld wire­
less computers no doubt is analogous to these devices, which are 
gaining in popularity in higher education. Our findings provide 
strong evidence for the usefulness of these feedback devices in en­
hancing student learning and satisfaction. 
Although we are confident in making the above conclusions 
based on our results, it should be noted that our study was limited to 
a single engineering course, and in a small-class environment «25 
students per section). Thus, we can make no generalizations about 
the effectiveness of frequent and rapid feedback in other disciplines 
or learning environments. It does suggest that further studies in 
such environments might be worthwhile. 
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